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ABSTRACT
/, c-.i'?-
Five methods , for determining Phenidone in
<U^ciL<yvJUs\
Phenidone -hydroquinone were investigated with aspect to
accuracy, precision, and time required to perform the
analysis. The methods include ultraviolet spectroscopy,
colorimetric estimation, and cerimetric titrations. A
cerimetric analysis was found to have the greatest pre
cision, a 7f error at the 35% confidence level. All
analyses required approximately the same time to complete.
Each analysis allowed the accuracy to be adjusted, Lo com
pensate for operator techniques.
INTRODUCTION
Due to the increasing use of P.Q. developers, the
need for an accurate, reliable method of analysis is
acute. Phenidone based developers are favored because of
their ability to resist the effects of bromide buildup-,
cause no allergies , and are more economical.
An analysis is needed to allow monitoring of pro
cessing equipment, and developer preparation. This will
allow economical and consistent processing of photographic
materials .
The analysis should be easily performed, provide
accurate and precise date, and have a short lead time.
Many different methods ,have been proposed to meet these
requirements and this investigation was concerned with
comparing several methods and finding the best one.
PROCEDURE
The following Phenidone -hydroquinone developer was
selected for it was the same as the one reported by Reitz
1
and Anselm and would allow a comparison of this report
and that of the original report.
Phenidone 0.5 gram
Sodium sulfite 50 .0 gram
Hydroquinone 6.0 gram
Sodium me taborate 20.0 gram
water to make 1.0 1:
The above was also prepared in Phenidone concentra
tions of 0.25 g/l and 1.0 g/l. The developers were stored
in stoppered 500 m. volumetric flasks.
Each concentration level was analyzed at least twice,
the number of trials being increased in instances of greater
variability.
Several practice analyses were performed to allow the
operator to become familiar, with each technique. A formal
testing program was implemented when the variability in
data became approximately constant about the 0.5 gram/l
level for each analysis.
The following analyses were investigated with refer
ence to the preceding
criterion.-
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A. Ultraviolet spectroscopy. The Phenidone was not
extracted from the sample, rather the overlapping absorption
spectra of the hydroquinone was separated from the Phenidone
spectra by the use of a ratio recording spectrophotometer.
The resulting absorption in the ultraviolet region is due
3
to that of the Phenidone. Beer's law may then be used to
calculate the concentration of Phenidone.
B. Sulfato Cerate Titration Procedure #ls^ The
Phenidone was extracted from the sample at a pH of 8, oxi
dized using Lucas regent, and titrated with sulfato cerate
solution.
'
r - ,/ k
C. Sulfato Cerate Titration Procedure #2. This
method allows the operator to analyze- for both Phenidone and
hydroquinone. A chloroform extraction at a pH of 3 removes
the Phenidone from the sample. The Phenidone was oxidized
with ferric chloride and titrated with sulfato-cerate with
fennoin as incidator. ? *\**J~^ tj^A~^y
D. Colorimetric estimationj-5 The Phenidone was
extracted usingchloroform ,3-methyl-2-ben&othiazolone hydr/5-
1
^.|J-^-_-wi_^^w. ..^w ^..^^.l- ^ ,... ^...^...... -.-A
ammonium persulphate to form a magenta dye , the amount of
dye being proportional to the quantity of Phenidone present.
The absorption of the dye at 5b5 mm was used for a quantita
tive estimation of Phenidone.
E. Thiosulphate titration; The sample is adjusted
to a pH of 3 aftd the Phenidone is extracted with chloroform
quantitively.
An excess amount of iodine is added to the Phenidone
solution, and the pH is adjusted to 3. The excess iodine
is then back titrated using sodium thiosulfate.
RESULTS
jCjrjr<-yvJ*>yvY*-
A. Ultra violet spectroscopy: The abdsrption
spectra of the hydroquinone and Phenidone overlap exten-
siveley necessitating a reference solution containing
hydroquinone in the photometer. However, the absorption
of the hydroquinone is much than that of Pheni
done due to the oxidized hydroquinone structure* having two
\ 80 chromophores and the Phenidone molecule with one.
The concentration of hydroquinone was several times
that of Phenidone requiring the reference solution to have
precisely the same quantity of hydroquinone as the sample.
This was extremely critical since any deviation between
the two concentrations would overpower the Phenidone
absorption.
This determination then became an analysis for hydro-
qyinone, so the reference sample could be prepared and this
would have introduced another factor for error and lengthen
considerably the time required for analysis. Since this
was the antithesis of the proposed goals, this aspect was
terminated.
There is the possibility of performing a chloroform
extraction of the Phenidone, thereby eliminating any inter-
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ference with the hydroquinone. However, this technique
was discovered too late to be included in this investigation.
^-7 $t Uis<X6 \^aM *n l&l -GW -^^7 n^cayPccreLi
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B. Sulfato Cerate Titration Procedure #1* The
problem associated with this analysis was the operator
variability associated with determining the end point of
the sulfato cerate titration. The oxidized Phenidone solu
tion being a deep purple ..proceeded through various
stages of red to an orange-yellow endpoint.
C. Sulfato Cerate Titration Procedure #2: The
titration involved in this analysis had a very sharp
ferroin endpoint which increased the precision of the
analysis. However, because of this sharp endpoint the ch^y^v-^yU^e [
titration had to be performed slowly to prevent overshooting.
The standard deviation of the titrations were pooled,
and 95f confidence limits were placed on the averages the
analysis yielded for each level.
Level Analysis (9570
,; .25 g/1 .251 g/1 + .017 g/1
-t,.50 g/1 .480 g/l + .017 g/1
1.00 g/1 1.020 g/1 + .017 g/1
D. Colorimetric Estimation: 3-methyl-2-benzothiazolinone
hydrazone hydrochloride was substituted for the species 3-
3L
methyl-2- benzothiazolone hydrazone hydrocloride , called
10
for in the reference. The benzothiazolinone was substi
tuted because it was more economical and available at the
time of experimentation. The densities produced by the
-lin- variety were lower than those reported by Reitz and
11
Anselm. This may explain the increase in variability at
the lower concentration on the calibration graph (relation
ship between optical density and Phenidone concentration) .
6However Phenidone concentrations are generally greater than
O.25 g/l. The lowered densities at the high concentrations
are beneficial for they eliminated changing measuring modes
in the instrument.
The bars on the calibration graph12 incidate 95$ confi
dence limits at the levels, tested. A linear regression was
performed to fit a line to the graph.
Slope s> 1.6b Y intercept = .027 Correlation factor R = .993
A new calibration graph is recommended whenever the
composition of the developer is changed.
E. Thiosulfate Titration: Sodium thiosulfate was
used to titrate the excess iodine from the Phenidone iodine
reaction. The end point of the titration was easily deter
mined being a burgundy to clear visual change.
The critical element in this analysis was the chloro
form-iodine solution. Both of these agents, being extremely
unstable, require care in preparation and storage. Resub-
limed iodine should be used, and the solution should be
stored in several small, dark bottles fitted with glass
stoppers.
CONCLUSION
Each analysis required approximately fourty
minutes to complete. Therefore, this factor was common
to all of the analyses investigated.
The accuracy of the analyses was dependant upon the
operator and how careful he was in performing the chloro -
form separations. If consistently^ low or high, this can
be compensated for with a correction factor in the final
calculation.
The #2 Sulfato Cerate analysis was preferred for it
had the least variability, and the best accuracy. This
method was also attractive for it has a provision for
determining the hydroquinone concentration, although this
facet of the analysis was not investigated.
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APPENDIX A
Ultraviolet Analysis
A Beckman DK-2A ratio recording ultraviolet spectro
meter with quartz cell provided ample range for determining
the absorption of the Phenidone and hydroquinone.
Individual traces were obtained by testing a solu
tion of Phenidone (or hydroquinone) against the solvent.
This gave the absorption curve only the developing agent.
When both developing agents were present in the sample,
one was also present in the reference solution. With the
hydroquinone in the reference, the absorption there would
cancel out the absorption of the hydroquinone in the sample.
This would resultsin only the Phenidone absorption being
recorded.
However, for this technique to work both hydroquinone
concentrations must be equal because of the greater absorp
tion of the hydroquinone molecule.
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APPENDIX B
Sulfato Cerate Procedure #1
Purpose: To determine quantitatively the concentration
of Phenidone in developer solutions.
Origin: H. L. Vogel Photoscience Group, Data
'/, c-A-y
Corporation.
Principle: It is believed that Phenidone undergoes
self-condensation in the presence of concentrated hydrochloric
acid and zinc chloride. The reaction appears to be specific
for 3-phenyl-2-pyrazolidone and is not affected by the pres
ence of other developing agents. The dye formed by the
Phenidone condensation can be titrated with eerie sulfate.
Procedure:
separatory funnel.
2. Add 25 ml of water and 10 ml of mono-
dihydrogen phosphite buffer.
, 3 -.Extract three times with 20, 15 , 10 ml
chloroform, respectively, saving the chloroform.
b. Add 10 ml of Lucas reagent and agitate for
two minutes.
"5. Carefully decant the chloroform layer,
saving the purple solution.
6. Add 25 ml of water and titrate with eerie
sulfate to a yellow endpoint.
7. Calculate the mg of Phenidone present per
liter of developer.
Calculations: grams Phenidone per liter = ml xM x3122.4
where ml = milliliters of cerate solution
c
M = molarity of cerate.
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Reagents: (1) Chloroform
(2) Lucas reagent dissolve 320 grams of
zinc chloride in 200 milliliters of con
centrated hydrochloric acid.
(3) Standard cerate
(b) Mono-dihydrogen phosphate buffer.
APPENDIX C
Sulfato Cerate Procedure #2
A;- Separation of Phenidone and Hydroquinone:
(1) Add, from tip-up pipets, 150 ml of chloroform and b ml
of glacial acetic acid tea 250 ml separatory funnel,
Funnel 1 .
V
(2) Add, from a tip-up pipet, 100 ml of water to a
250 ml separatory funnel, Funnel 2.
(3) Add, from tip-up-pipets, 2 ml of 1.8 M ferric chloride
and 10 ml of 3 N hydrochloric acid to a 250 ml separatory
funnel, Funnel 3
(b) Pipet 5 ml of sample into Funnel 1 and shake the
funnel for 3 sec. After the phases separate, drain the
chloroform (lower layer) into Funnel 2.
(5) Add, from tip-up pipet, 100 ml of ethyl acetate,
water saturated,- to separatory Funnel 1. *- iaA^A IX ?
(6) Shake both separatory Funnels and 2 for 30 sec.
B. Selective Oxidation of Phenidone
(l) After, the phases separate, drain the chloroform
(lower layer) from Funnel 2 into Funnel 3
(2) Shake Funnel 3 vigorously for 2 min. After the
layers separate , discard the chloroform (lower layer).
In this step, the Phenidone was oxidized by ferric
chloride. The ferrous ions produced remained in the
aqueous phase, while most of the oxidized Phenidone
was discarded in the chloroform. The remaining oxidized
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Phenidone is removed by the following chloroform washes.
(3) Add, from a tip-up pipet, 50 ml of chloroform to
Funnel 3 and shake for 30 sec. After the layers separate,
discard the chloroform (lower layer).
(4) Repeat Step 3.
C. Titration of Ferrous Ions as an Indirect
Measurement of the Original Phenidone.
(1) Add approximately 300 ml of water to a 600 ml beaker.
(2) Add, from a tip-up pipet, 25 ml of 7 N sulfuric acid
to the beaker.
(3) Add 3 drops of ferroin to the beaker.
(4) Drain the aqueous layer from Step B, b, into the
beaker and rinse the stopper and funnel with water from
a wash bottle allowinrr the water to cro into the beaker.
(5) Stir on a magnetic stirrer and titrate with 0.0500 N
sulfato cerate .to a green-yellow color. Because there is
little end-point warning, the titration must be done very
slowly. Record the volume to 0.01 ml.
D. Calculation of Phenidone
(0.0757)' (ml cerate) '0.020 = Phenidone, g/l.
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APPENDIX D
Colorimetric Estimation
A 2.00 ml sample of the Phenidone/hydroquinone
developer solution was pipetted into a 100 ml volumetric
flask and diluted to the mark with pH 8 buffer solution.
L^(Sulfate and hydroxylamine are added to this buffer solu-
!l7^a^? tion to prevent oxidation of Phenidone upon dilution. )
A 25 ml sample of this diluted developer was pipetted
into a 100 ml separating funnel and 25 mis chloroform were
added. The funnel was stoppered and shaken for one minute
to extract the Phenidone. The layers were allowed to sep-
atate and the chloroform was run into a 250 ml beaker. This
was repeated using
anoiiiei- 25 mis of chloroform and the
extracts were combined. TjytiW-
l/ /~lMlaja/X uroa uu>*al ,
10 mis of 3-methyl-2-benzothiazolone hydrazone
hydrochloride (:MBTH) and 10 mis of pH 8.9 buffer solutions
were added to the beaker, which was placed on a water bath
to boil off the chloroform. The beaker was removed from the
water bath just before the final traces of chloroform had
evaporated.
The solution in the beaker was transferred quantita
tively to a 100 ml volumetric flask and 25 mis ammonium per
sulphate solution were added. After exactly 4 minutes
p
20 mis acetone, which had been used to dissolve
adhering to the sides of the beaker, were added to the
contents of the flask. The beaker was then washed with a
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further 20 mis of acetone which was also added to the
flask .
The dye solution was diluted with distilled water
and the optical density was measured at 545 nm on a Bausch
and Lomb Spectronic 505 in a 1 cm cell, using distilled
water as a reference. Measurements were carried out within
10 minutesof the addition of the acetone to minimize any
effects due to the dye fading.
The analysis was carried out at various Phenidone
concentrations to yield a graph such as Appendix G .
Solutions required: 3-methyl-2-benzothiazoline
hydrazone hydrochloride; 0.2$ ammonium persulphate;
Chloroform G.P.R.; Acetone; pH 8 buffer solution (Dis
solve 15.0 tr NaHP0.. . 1.0 s NH,.0H, HCT. and 1,0 g Na~S0.-.
in distilled water. Dilute to 1 liter and adjust pH to
8.0 + 0.1 with IN NaOH solution.); pH 8.9 buffer solution
(Dissolve 50.0 g Na-HPO^in distilled water. Dilute to
1 litre and adjust pH to 8.9 + 0.1).
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APPENDIX E
Thiosulfate Titration
Requirements: (1) 250 ml separating funnel with
stopper. The use of an electric miniature stirrer in the
separating funnel is recommended.
(2) Distilled water.
(3) O.lfo phenolphthalein indicator solution in ethyl
alcohol .
(4 ) 50fo sulphuric acid ^'# "'
(5) Chemically pure chloroform (CHCL- - CP.)
(6) 1,000 ml beaker
(7) IN sulphuric acid (H2S0^)
(8) Decinormal chloroform iodine solution of known
factor Fpin micro-burette
(9) 1$ starch solution
(10) Decinormal sodium thiosulphate (NapSpOw-O.l N) of
3
known factor F. m micro-burette.
Procedure: (1) Pipette a quantity of the developer
to be analysed, into a separating funnel. This quantity
should contain between 0.015 and 0.035 g of Phenidone.
In the case of a developer formula specifying 1 g of P
Phenidone per litre, one would therefore take a volume
of 25 ml.
(2) Dilute with approx. 75 ml of distilled water.
(3) Add 3 drops of phenolphthalein indicator solution,
followed by 50$ sulphuric acid until the solution is
discolored. The pH value tr then approx. 8.
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(4) Add 50 ml of chemically pure chloroform and vigorously
shake for 1 min. The use of an electric miniature stirrer
in the separating funnel is to be preferred, but stirring
can be done manually. Allow the solution to separate.
(5) Transfer the lower, chloroform phase to a beaker
already containing 350 ml of 1 N sulphuric acid.
(6) Repeat steps 4 and 5 twice, and collect the chloroform
phases in a beaker.
(7) Use a micro-burette for adding 6 ml of decinormal
chloroform iodine solution to the sulphuric acid solution
in the beaker.
(8) Stir vigorously for 10 minutes until a finely dis
persed emulsion is formed.
() Add 2-3 ml of if starch solution*
(10) Titrate with decinormal sodium thiosulphate (NapSpO^-
0.1 N) until the liquid becomes colorless. Make a note of
the number of milliliters of titration liquid required to
obtain this effect (n ml).
Calculation: The Phenidone content per litre of dev
eloper is calculated by means of the formula:
(6xF?) -- (nxF1 ) x 8.1 = number of grams of Phenidone p/l
a
a = volume of sample for analysis, expressed in ml (see step 1)
n = volume of decinormal sodium thiosulphate required to reach
the equivalence point of the titration, expressed in ml.
(See: Step 10)
F.= factor of decinormal sodium thiosulphate
1
F= factor of decinormal iodine.
Appendix f
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Phenidone/hydroquinone Absorption Curves
LO nm. 322.-; nm. 335 nm. 347.5 nm, O.C
Calibration Curve
Appendix G
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